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Introduction
Recent evidence of causal relation-

we;.:: ships between vitamin A status and child
health and survival has stimulated nongov-
emmental, governmental, and private vol-

a untary organizations to initiate programs
to control vitamin A deficiency.'-7 These
nonresearch organizations need practical
methods of identifying areas likely to
have a high prevalence of vitamin A

.h ~ ...deficiency.
.:. Traditional methods to assess the

*g....;:.:i.::

prevalence of vitaminA deficiency, includ-
ing xerophthalmia surveys and biochemi-

i 2:) cal analyses, pose serious financial, logis-
; :. tical, and technical constraints for these.. ......... ...

* of agencies.8 Clinical surveys are costly and
s ; require large sample sizes. (A sample of

..sr...... ...... 3090 is needed to identify a prevalence of
2% ± 0.5%.) Much smaller samples will

-er t -:suffice for biochemical surveys, but these
.: .....:o.f - surveys are expensive. They require tech-

......i ....

: .: nologists and equipment for proper collec-
nc . -.,:tionand preparation of the samples, which

also require special care in handling,
the ~ ..-transportation, and storage.

A semiquantitative food frequency
vin" : .:::.method was developed by Helen Keller

- International under the auspices of the
Vitamin A Technical Assistance Program.
An earlier version of the method was used
in a study that found measures of weekly
consumption of vitamin A-rich foods for

-.... ....-.< : .children aged 1 through 5 years to be
kbfic strongly correlated with xerophthalmia.9

The method was subsequently modified
and is now based solely on a list that
contains foods with at least 100 RE per
100 g vitamin A content. Subjects are
asked on how many days and on average
how many times per day the child ate
these foods in the past week. The prelimi-

:nary food frequency list is shown in Table
.:1 No in.f..o.r t ic. .e o.n p.o1. No information is collected on portion

sizes, food preparation, or on which days
of the week the items were consumed.
The method was developed to provide
nonresearch organizations and policymak-
ers with a simple, inexpensive, user-
friendly tool that can reasonably distin-
guish between areas (not individuals) with
high and low risk of vitamin A deficiency
in a variety of cultural settings. The food
frequency method can replace the burden-
some traditional population-based sur-
veys used to generate prevalence esti-
mates.

Methods
Subjects

The validity of the food frequency
method was evaluated in three countries
with different dietary patterns and levels
of suspected vitamin A deficiency. Survey
areas (districts or regions) in the Philip-
pines, Guatemala, and Tanzania were
selected to represent different magnitudes
of suspected vitamin A deficiency (rang-
ing from marginal to severe) between
countries. In each area, five sites within 2
hours' driving distance from the study
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TABLE 1-Preliminary Food
Frequency List

Questions
In the past week, on how many
days did (child's name) eat
(food item)?

On the average, how many times
per day did (child's name) eat
(food item)?

Food items
Staple fooda (e.g., rice, bread, cas-

sava)
Hot peppersa
Dark green leafy vegetablesa (as a
food group)

Whole milka
Carrotsa
Mangoa
Pumpkina
Spinach
Papayaa
Noodles
Eggs (with yolk)a
Small fish (liver intact)a
Yellow/orange sweet potato/yama
Liver (any kind)a
Sweet potato leaves
Yellow/orange squasha
Butter
Beef/red meata
Red palm oil/cod liver oila
Foods cooked in oila
Other locally identified vitamin

A-rich foods (e.g., zapote)

Vitamin supplements

aThese food items must remain on the
instrument. The list can include 25
items or fewer.

laboratory were chosen at random. Vil-
lages with recent vitamin A capsule
distribution and those considered politi-
cally unsafe were excluded from the
sampling frame.

Sample size was calculated to iden-
tify a test efficiency (correct identification
of 15% or more of the sample with serum

retinol concentrations of less than 20
,ug/dL) of 85% ± 10%, assuming an alpha
error of 0.05, power = 80%, and a

two-tailed test. Approximately 50 chil-
dren were sampled in each site. When
villages with less than 50 children were

sampled, additional children were sampled
in neighboring villages from households
located closest to the original sample
village. Although no formal household
enumeration was conducted, community
health workers indicated that a universal
sample of households with children 1
through 5 years old was obtained in most
locations. A total of 741 children in this
age range participated in the surveys;
results are presented for 723 children

(97.6%) with known serum retinol status.
To increase the likelihood of identifying
vitamin A deficiency, the data collection
was timed to occur before mango season

and during periods of minimum food
availability in the survey areas.

Participants were informed about the
survey prior to data collection and were

requested to bring all of their children
aged 1 through 5 years old, with their birth
certificates or vaccination cards, to a

central data collection location. The sur-

vey team in each country consisted of an

ophthalmologist, a pediatrician, two medi-
cal technicians, six interviewers, two
supervisors, and local health workers.

These surveys were approved by the
Medical Advisory Group of Helen Keller
Intemational and by the ethical advisory
committees of each of the three local
collaborating institutions (Davao Medical
School Foundation in the Philippines; the
Center for Studies of Sensory Impair-
ment, Aging and Metabolism in Guate-
mala; and the Tanzanian Food and Nutri-
tion Centre).

Interview and Dietary Assessment

To identify additional items to be
integrated into the preliminary food list
(Table 1), guided group discussions were

held with the interviewers and local
nutritionists and brief market surveys
were conducted. The food list also in-
cluded vitamin supplements. The question-
naire, food frequency instrument, and
examination procedures were pretested in
villages near the sample villages, after
which minor modifications were made.
Sociodemographic, health, and dietary
data were collected in interviews by
locally hired high school graduates who

were given a 5-day training course,

including a 1-day field test. The recent
prevalence of diarrhea, cough, and fever
(within 14 days prior to interview) and
measles (within 1 month prior to inter-
view) were reported by the childrens'
caretakers and recorded by the interview-
ers without verification by diagnosis.

After receiving informed consent to
conduct an eye examination and draw
blood, an index child in each family was

randomly selected (by means of num-

bered chits) by the interviewer. There
were two (<1%) refusals to participate.
All information, with the exception of
maternal and household characteristics,
referred to the index child. Questionnaires
were translated into the local language
and then duplicated. Table 2 presents
sample characteristics.

Physical Examination

Interviewers were trained to measure
children's mid-upper arm circumference,
using Inser Arm Circumference Tapes
donated by Ross Laboratories. The inter-
viewer measured the arm circumference
of each index child after conducting the
interview. Age- and sex-specific data were
used to categorize arm circumference as

less than or equal to the 5th, 10th, and
25th percentiles in a standard popula-
tion.10

Completed questionnaires were re-

viewed immediately by supervisors. Omis-
sions or errors were corrected prior to the

mother's departure. Previously undetec-
ted recording errors were corrected by
interviewers, when possible, on final

review of the questionnaires. Once en-
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TABLE 2-Sample Characteristics: Children in 15 Communities in the
Philippines, Guatemala, and Tanzania Surveyed for
Vitamin A Deficiency

Philippines Guatemala Tanzania Total Sample
(n = 237) (n = 248) (n = 238) (n = 723)

Age, y, mean ± SD 3.0 ± 1.4 3.2 ± 1.4 2.7 + 1.3*t 3.0 ± 1.4
% male 51.9 50.4 57.1 53.0
Maternal education, y, 8.0 ± 3.1 1.1 ± 1.8*** 4.5 ± 3.2t 4.4 ± 4.0
mean ± SD

No. children aged <6 y 1.6 ± 0.7 1.9 ± 1.0*** 1.8 ± 0.7** 1.9 ± 0.8
in home, mean ± SD

% with vaccination card 78.1 43.5*** 63.9t 61.0
% with home garden 73.4 23.4*** 16.0***,t 37.3

*,tP -< .05 compared with Philippine or Guatemalan sample, respectively.
**P < .01 compared with Philippine sample.
*** tPs .001 compared with Philippine or Guatemalan sample, respectively.
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tered, data were reviewed for complete-
ness and accuracy and consistency checks
were performed.

Venous blood samples were drawn
on 723 children aged 12 through 71
months. Approximately 4 to 5 mL of

venous blood per child was collected in
glass vacutainer tubes without anticoagu-
lant. Within 30 minutes, the samples were
placed in cooled ice chests containing
packets of frozen blue ice. Styrofoam
barriers were placed between the blood
samples and blue ice packs to prevent
freezing. Within 6 hours after the first
blood samples were drawn, the samples
were carefully transported by road to
central rural laboratories where they were
centrifuged. Serum was separated and
extracted with pipettes into 2-mL Eppen-
dorf tubes, relabeled, and frozen at
-20°C or less. After a maximum of 1
week's frozen storage, serum samples
were packed in cardboard boxes, alumi-
num foil, and 20 kg of dry ice and sent by
express air cargo to Hoffman La Roche
laboratories in Basel, Switzerland. All
samples arrived in good condition and
were kept frozen at -20°C or less until
serum retinol assays were completed by
high-performance liquid chromatogra-
phy.'I

The survey team ophthalmologist in
each country examined all index children
for clinical signs of xerophthalmia and
conjunctivitis. After this examination,
conjunctival impression cytology samples
were taken by the Keenum disc applicator
method. These samples were then stored
in a fixative solution until staining at the
Institute of Ophthalmology, Manila; at the
Dr Rodolfo Robles Eye and Ear Hospital
in Guatemala City; and at the Tanzanian
Food and Nutrition Centre, Dar es Sa-
laam. Slides were read by one reader in
each country. The determination of con-
junctival impression cytology status was
based on suggested criteria.12-13 All chil-
dren with xerophthalmia or severe malnu-
trition (arm circumference less than the
5th percentile for age and sex) were given
high-dose vitaminA capsules (200 000 IU
vitamin A and 40 IU vitamin E) after
blood extraction.

Statistical Analysis
The food frequency method was

assessed as a screening tool to identify
areas with vitamin A deficiency problems
(i.e., 15% or more of preschool-aged
children in the community with serum
retinol concentrations of less than 20
pg/dL, as recommended by IVACG,
International Vitamin A Consultative
Group).'4 Analyses of the association
between the food frequency measure and
vitaminA status were thus conducted with
the community and country used as the
units of analyses. Bivariate analyses of the
sample characteristics were conducted

188 American Journal of Public Health

TABLE 3-Health and Nutritional Status of Sample Children

Philippines Guatemala Tanzania Total Sample
(n = 237) (n = 248) (n = 238) (n = 723)

Mid-upper arm
circumferencea

Meancm ± SD 15.2 ± 1.2 15.1 ± 1.1 14.8 ± 1.0t 15.1 ± 1.1
<5th percentile, % 25.3 31.0 39.1*** 31.8
<10th percentile, % 40.9 46.8 52.9** 46.9
<25th percentile, % 70.0 75.8 77.3 74.4

Serum retinol
Mean pg/dL ± SD 24.9 ± 8.8 32.5 ± 7.4*** 24.9 ± 7.7t 27.5 ± 8.8
s10upg/dl, % 5.1 0.0*** 1.3* 2.1
s20 pg/dl, % 28.3 5.2*** 26.9t 17.8

Ocular indices, %
Night blindness 2.1 0.8 0.4 1.1
Xerophthalmia 2.1 0.8 2.5 1.8
Abnormal CIC 30.3 26.7 32.9 29.9

Recent illness, %
Diarrheab 11.0 45.6*** 22.7t 26.7
Cough & feverb 23.6 45.6*** 24.8t 31.5
Measlesc 1.3 4.0 7.1** 4.1

Note. CIC = conjunctival impression cytology.
aPercentiles are National Center for Health Statistics percentiles for the sample's mean age.
bOccurrence in the past 2 weeks.
cOccurrence in the past month.
*P s .05 compared with Philippine sample.
**P < .01 compared with Philippine sample.
*** tP - .001 compared with Philippine or Guatemalan sample, respectively.

TABLE 4-Results of Dietary Survey: Children's Consumption of
Vitamin A-Rich Foods

Predictive Philippines Guatemala Tanzania Total Sami
Variable (n = 237) (n = 248) (n = 238) (n = 722)

Unweighted frequencya 15.0 ± 9.7 12.1 ± 7.4*** 16.4 ± 8.14t 14.5 ± 8.
Servingsb 19.9 ± 14.3 19.9 ± 14.1 31.3 ± 18.9t 23.6 ± 1 7
Weighted frequencyc 5.1 ± 3.6 5.5 ± 3.4 5.9 ± 3.5* 5.5 ± 3.5
No. vitamin A itemsd 6.8 ± 3.1 6.6 ± 3.3 6.4 ± 2.7 6.6 ± 3.0
Frequency of animal 3.2 ± 3.0 4.2 _ 2.9*** 3.8 3.0* 3.7 ± 3.0
sources of vitamin Aa

Vitamin A fruitsa 1.8 ± 2.5 1.5 ± 1.9 2.5 3.0**t 1.9 ± 2.5
Dark green leafy veg- 7.9 ± 6.3 3.9 ± 3.1*** 7.4 ± 3.8t 6.4 ± 4.

etablesa
Pumpkinlsquasha 2.2 ± 2.1 1.8 ± 1.6* 2.6 ± 2.6t 2.2 ± 2.2
Proteina 4.9 ± 4.0 11.6 ± 6.2*** 8.1 ± 5.4t 8.3 ± 5.9
Fats/oilsa 4.0 ± 3.1 4.7 ± 3.5* 7.9 ± 5.14 4.6 ± 3.6
Usual diet, %e 100 95.6** 97.9 97.8
Vitamins, %f 18.1 5.6*** 1.3***,t 8.3

Note. Numbers shown are mean ± SD unless otherwise indicated.
aSum of days each vftamin A-rich item orfood group was reported consumned in the past week.
bNumber of servings consumed in the past week.
CSum of (vitamin A-rich animal sources) + (vitamin A-rich plant sources divided by 6).
dNumber of vitamin A-rich food items included on the food list.
ePercentage identifying past week's consumption as child's usual diet.
fPercentage providing supplemental vitamins to child in past week.
*ItP s .05 compared with Philippine or Guatemalan sample, respectively.
**P . .01 compared with Philippine sample.
*** tP < .001 compared with Philippine or Guatemalan sample, respectively.

iple
3)

.6
6.7
.5
.0
.0

.5

.9

.2

.9

.6
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(chi-square and Student's t tests were used
for comparison of study site differences).
Correlation analyses were also conducted
to assess the association between other
dietary indicators and serum retinol.

The food frequency method provides
the following indices of dietary intake: (1)
the sum of the reported number of days in
the past week each vitamin A-rich food
item was consumed ("unweighted fre-
quency"); (2) the number of servings
consumed in the past week; (3) the sum of
the reported number of days on which
vegetable and fruit sources were con-

sumed divided by 6 (assuming 6 pg
3-carotene = 1 pg retinol'5) plus the
number of days on which animal sources

were consumed ("weighted frequency");
(4) the number of local vitamin A-rich
food items included on the food frequency
list; and (5) index 1 (above) categorized
by food group (i.e., animal sources of
preformed vitamin A, vitamin A-rich
fruits, dark green leafy vegetables, and
other vitamin A-rich vegetables). Animal
sources of vitamin A include eggs (with
yolk), small fish (with liver intact), and
liver; milk was excluded because in the
study areas it was unfortified and diluted
by water. Other sources are dark green

leafy vegetables, including spinach, sweet
potato leaves, and local vegetables; car-

rots, pumpkins, yellow yams, yellow
squash, and local yellow and orange

vegetables; mango, papaya, and local
fruits; and butter, red palm oil, and cod
liver oil. The number of days in the past
week on which common sources of
protein (whole milk, eggs, small fish,
liver, beef, red meat), fats and oils (butter,
red palm and cod liver oil, other visible
oils), and multivitamins were consumed
was elicited to determine whether these
were important limiting nutrients and
whether vitamin supplements affected
serum retinol concentrations. Distribu-

tions of these indices were reviewed and
various cutoff points were defined to

determine which were most predictive of
vitamin A deficiency.

Results
The samples covered a variety of

cultural settings. Minimal differences in
age were observed among country samples
(Table 2). The Tanzanian sample included
slightly more male children than the other
samples. The Philippine sample had the
highest number of years of matemal
education, the lowest number of preschool-
ers per family, and the highest percentages
with vaccination cards and home gardens.
The Guatemalan sample had the worst
status on these indices except for home
gardens.

The mid-upper arm circumference of
the sample children (Table 3) was simi-
lar in the Philippines and Guatemala
(15.2 ± 1.2 cm and 15.1 ± 1.1 cm, respec-

tively) but lower in Tanzania (14.8 ± 1.0
cm). This difference is reflected in the
proportion of children with low arm

circumference percentiles. The recent
prevalence of diarrhea, respiratory disease
(defined as simultaneous cough and fe-
ver), and measles was lowest in the
Philippine sample (Table 3). The highest
rates of diarrhea and respiratory disease
were observed in the Guatemalan sample.

As intended, the magnitude of vita-
min A deficiency varied across countries
(Table 3). The highest prevalence was

found in the Philippines, with similar rates
in Tanzania (mean serum retinol con-

centrations of 24.9 ± 8.8 pg/dL and
24.9 ± 7.7 ,g/dL, respectively, slightly
above the National Center for Health
Statistics [NCHS] 10th percentile for the
sample's mean age). The Guatemalan
children had a mean serum retinol concen-
tration of 32.5 ± 7.4 ,g/dL (between the

25th and 50th percentiles of NCHS
standards for the sample's mean age). The
prevalence of night blindness in the
Guatemalan sample was 0.8%, but this
figure may be questionable as no local
term for night blindness exists. The
prevalence of night blindness, locally
called harap, was 2.1% in the Philippines
survey area. Although a local term exists,
night blindness was rare in the Tanzanian
sample (0.4%), but clinical signs of
xerophthalmia, and particularly Bitot's
spots, were commonly observed (2.5%).
Conjunctival impression cytology results
varied little between samples.

There were no consistent pattems of
unweighted dietary indices (unweighted
frequency, servings, food groups) across

samples (Table 4). Guatemala had the
highest (sum of days item was con-

sumed = 4.2 ± 2.9), Tanzania intermedi-
ate (3.8 ± 3.0), and the Philippines the
lowest (3.2 ± 3.0) consumption of animal
sources of preformed vitamin A. The
Guatemalan children also consumed pro-

tein-rich foods more frequently (sum of
days item was consumed = 11.6 + 6.2)
than Tanzanian (8.1 ± 5.4) or Filipino
(4.9 ± 4.0) children.

Lipid consumption was higher in the
Tanzanian sample (sum of days item was

consumed = 7.9 ± 5.1) and Filipino
(4.0 ± 3.1) samples. Consumption of
supplemental vitamins was highest in the
Philippines (18.1%, vs 5.6% in Guate-
mala and 1.3% in Tanzania). Almost all
the children's diets were reported to be
"usual."

Only correlations between whether
15% or more of the 15 communities'
children had serum retinol concentrations
of less than 20 ,g/dL and two of the

dietary indices, weighted weekly fre-

quency and frequency of consumption of

animal sources of preformed vitamin A,
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TABLE 5The Validity of a Semiquantitative Dietary Frequency Method for Identification of Vitamin A Deficiency
in a Community

Philippines (n = 5) Guatemala (n = 5) Tanzania (n = 5) Total Sample (n = 15)

Sensitivity 4/4 = 100% 0/0 3/4 = 75% 7/8 = 87.5% (95% exact Cl = 47%, 100%)
Specificity 0/1 = 0% 3/5 = 60% 1/1 = 100% 4/7 = 57.1% (95% exact Cl = 18%, 90%)
Efficiency (TP + TN/n) 4/5 = 80% 3/5 = 60% 4/5 = 80% 11/15 = 73.3% (95% exact Cl = 45%, 92%)
Positive predictive value 4/5 = 80% 0/2 = 0% 3/3 = 100% 7/10 = 70% (95% exact Cl = 35%, 93%)
Negative predictive value 0/0 3/3 = 100% 1/2 = 50% 4/5 = 80% (95% exact Cl = 28%, 99%)

Note. n = number of communities; Cl = confidence interval; TP = true positive; TN = true negative. The method was equally valid for weighted
intake of 6 or fewer times per week (weighted intake = sum of [days on which animal sources of vitamin A were consumed] + [days on which plant
sources of vitamin A were consumed divided by 6]) and unweighted intake (sum of days on which animal sources of vitamin A were consumed) of 4
or fewer times per week.
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were in the expected direction (data not
presented).

Table 5 presents the results of an
assessment of the food frequency method
as a screening tool to identify countries
and communities with vitamin A defi-
ciency. The community analysis indicates
that the method correctly identified seven
of eight (87.5%) communities where 15%
or more of the children had serum retinol
concentrations of less than 20 pg/dL by
indices of weighted intake of 6 or fewer
times per week or consumption of animal
sources of vitamin A 4 or fewer times per
week. Four of seven (57.1%) communi-
ties were correctly identified as not having
a vitamin A deficiency problem by the
same criteria (P = .07). These cutoff
points were determined post hoc and were
selected on the basis of the best results
from analyses testing many threshold
levels. They are similar to those found in a
previous evaluation using an earlier ver-
sion of the food frequency method.9 The
false-positive rate, however, indicates that
three of seven (42.9%) communities were
incorrectly identified as likely to have a
vitamin A deficiency problem. In total,
73.3% of communities were correctly
classified as having or not having a
vitamin A deficiency problem of public
health proportions. Positive and negative
predictive values were 70% and 80%,
respectively. Similarly, the sensitivity of
the method analyzed by country was high
(100% in the Philippines and Guatemala
and 75% in Tanzania), but specificity was
variable and resulted in lower test effi-
ciency.

Conclusions
The multicountry sampling strategy

provided the variability in cultural, sero-
logic, and dietary status necessary to
initially test the validity of the dietary
frequency method. The extent of low
serum retinol concentrations and xeroph-
thalmia observed indicate that vitamin A
deficiency is a problem in the sample sites
in the Philippines and Tanzania, but not in
Guatemala.

Indices of weighted intake 6 or fewer
times per week and consumption of
animal sources of preformed vitamin A 4
or fewer times per week correctly identi-
fied the vitamin A deficiency status of
73.3% of the communities sampled
(P = .07). If we use a theoretical cutoff
point of 60% (equivalent to 3 of 5) of
communities sampled having vitamin A
deficiency, the sample areas in the Philip-
pines and Tanzania would be considered

high priority and that in Guatemala low
priority for vitamin A deficiency control
programs. All other indices tested except
the frequency of consumption of protein-
rich foods were not predictive of a high
community prevalence of low serum
retinol concentrations.

The success of food frequency meth-
ods may be attributable to their simplicity,
which reduces interviewer and recording
errors and recall (memory) bias.'1'7
Initially, market surveys were included to
ensure data completeness; however, the
surveys' results demonstrated that at-
tempts to achieve completeness and preci-
sion were not useful and reduced the
reliability of the indices. Reporting of
individual foods, particularly those eaten
in small quantities, does not appear to be
as reliable as reporting of food groups.16
The sum of individual dark green leafy
vegetable items on the list was poorly
correlated (r = .245) to a single item
added to the Tanzanian list (reported
consumption of any and all dark green
leafy vegetables, asked prior to eliciting
consumption for each individual veg-
etable). The number of meals consumed
daily probably varies little by culture and
more by season (pre- or postharvest).
Serving sizes probably vary by age, as do
serum retinol concentrations. Therefore
these indices were not discriminating.
Including foods with a substantial content
of the nutrient of interest consumed
reasonably often by the population of
interest and in portion sizes large enough
to aid in the discrimination of those with
and without deficiency is key to the
method's success.

Interestingly, the strongest correla-
tions were found between the frequency
of protein consumption and community
serum retinol concentrations of less than
20 Vg/dL (r = -0.776, P = .007, n = 15).
This correlation may reflect the impor-
tance of protein and zinc for the utilization
of available liver stores of vitamin A or it
may indicate greater reliability, as is
always found for macronutrients com-
pared with micronutrients. Alternatively,
protein-rich foods are usually expensive
and may be associated with better serum
retinol concentrations for other than di-
etary reasons (fewer infections, better
access to health care, etc.).

Food group analyses (animal sources
of preformed vitamin A and protein) were
the best indicators of vitamin A defi-
ciency. This could suggest that eliciting
dietary information solely by food group
may be more reliable and better predict
deficiency than obtaining dietary data on

individual items. The rationale behind
using individual items in this dietary
frequency method, however, was to pro-
vide a simple, inexpensive instrument that
nonresearch organizations could use for
multiple purposes, that is, to identify areas
at risk of vitamin A deficiency, to identify
locally acceptable vitamin A-rich foods to
promote, and to act as a baseline for
nutrition programs against which to evalu-
ate the increased consumption of those
vitamin A-rich foods in childrens' diets.
The sole recommended modification to
the food frequency method presented here
is the deletion of the second question,
which elicited the number of times per
day each item was consumed.

It is unlikely that our results repre-
sent an ecologic fallacy. Prediction of a
physiologic response, using the relative
dose-response test, has been recom-
mended to identify individual cases of
vitamin A deficiency, but this method was
not logistically feasible for inclusion in
this study.'8 Prediction of disease is
difficult, as xerophthalmia is a rare
condition. Sommer and Tarwotjo have
demonstrated the relationship between
serum retinol concentration, frequencies
of food group consumption, and xeroph-
thalmia in Indonesian children in a large
community-based study.1920 This valida-
tion study found that children whose
weighted weekly vitamin A intake fre-
quency was 6 or less had mean serum
retinol concentrations of 26.7 ± 8.3
pg/dL, compared with 29.0 ± 9.3 ,g/dL
in those with higher intake (P = .001).
Almost identical results were observed for
those who consumed animal sources of
vitamin A 4 or fewer times per week
(26.6 ± 8.3 ,ug/dL compared with
29.5 ± 9.4 ,ug/dL, P = .000). The mean
serum retinol concentration for those with
xerophthalmia was 24.6 ± 11.4 ,ug/dL,
compared with 27.6 ± 8.7 pg/dL in those
without xerophthalmia (P = .37); this
difference is not statistically significant,
but few cases of xerophthalmia were
encountered (n = 13).

The food frequency method is an
inexpensive, simple, sensitive indicator to
identify areas of vitamin A deficiency and
is one of the few simple methods tested
for validity. The method holds much
promise, yet it incorrectly classified 42.9%
of communities as likely to have a vitamin
A deficiency problem. Although the
method works well in areas where vitamin
A deficiency is prevalent, the small
number of communities and countries
included in this study is inadequate to

accurately estimate the specificity of the

February 1997, Vol. 87, No. 2
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method. Further efforts-including valida-
tion in two or more additional countries
where vitamin A deficiency is suspected
to be a marginal problem (such as Brazil,
Pakistan, or Senegal); and in at least 10
communities per country to obtain more
precise estimates of sensitivity, specificity,
and predictive value; and in communities
of varying size-are necessary to deter-
mine the accuracy and limitations of the
food frequency method. L:1
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